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Enclosed herewith is a certified copy of Korean Patent Application No. 2002-0070054 filed on 
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LIMITED RECOGNITION UNDER 37 CFR § 10.9(b) 

Soonja Bae is hereby given limited recognition under 37 CFR § 10.9(b) as an employee 
of Cantor Colbum LLP to prepare and prosecute patent applications wherein the patent 
applicant is the client of Cantor Colbura LLP, and the attorney or agent of record in the 
applications is a registered practitioner who is a member of Cantor Colbum LLP. This 
limited recognition shall expire on the date appearing below, or when whichever of the 
foilowing events first occurs prior to the date appearing below: (i) Soonja Bae ceases to 
lawfully reside in the United States, (ii) Soonja Bae's employment with Cantor Colbum 
LLP ceases or is teraiinated, or (iii) Soonja Bae ceases to remain or reside in the United 
States on an H-1 visa. 

This document constitutes proof of such recognition. The original of this document is on file 
in the Office of EnroUnient and Discipline of the U.S. Patent and Trademark Office. 
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^ *>H^ ^^1-^ <^l-§-*><^ 7]^^^] s^VH^ ^sl?flo]B(HfSixOy) ^^^<^1M-, ^> 

^A>ol^(Hf02) ^^^>7l ^tb ^o]^. y]^^^] HfSixOy ^1-^* ^^«^>7l 

^^}^, HfSixOy ^t!" ^-§-7l--^il-^ 7l^(w) ^Hl ^A>^><^ «Vn^^ ^^l-^Vfe ^1-^ 

^^^^1(S200)» ^^t}JL, ^^^^^mS200)^, m^^r^^y}^ ^^^;^1(S20-1) ^ ^1 !«>-§- 
7}i 3J];^l^^l(S20-2) ^ ^l3«>-§-7>i 5rligc]-;^l(S20-3) ;^l3tiV-§-7].>^, sJj^lcf ;^i(S20-4)» 

^>olg^ N ^ ^^3^1-^ 1^1- ^^^^^^^:^1(S20)^. l^V ^1■^^^^^;^1(S20) ;(ll2a]:-g- 
7>>i 3z]^cf7]i(S2l-l) ^ ;^l2ti].-g-7l.>^ 2l ^1^^-7^1(521-2) ^ ^l3^-§-7l-i ^^^^l(S21-3) ^^^13 
^V-|-7l->i 21 ^1^;^1 (821-4)1- ol^^ >^H## M 31 4^«J*>^ 2^> ^^^^SVcf^^K 521)1- S.^t} 
^ ^-^^91 131 ol^ a].^ ^^^o.^>«] ol^^H^c]-. 7m>a-<Hl Hf02 

* #^^*>7l ^3r>ol, Hf02 ^^^1-^^* tV-§-7>^#^ >a-7l 7m(w) ^Hl ^A>^M ^^^^ 

#^^>^ ttl-nl.^3}.c1.;^l(S2)l- i^*>31, ^^^^>^^1(S2)^. 7>>i7S€-*(14d')*^ ^^}<^ 7] 
:^(w) ^l^^o.^ I:%^j7>>i» ^A>§>^ -g-^<^l, ^ll«]:-§-7>>i ^^^;^1(S2-1), ;^liaV-g-7}->i 
5Jl^l^^](S2-2), ;^l2ti}-§-7]->^ 3l^^;^l(S2-3), ;^l2ti]:-§-7l-:ii 3Jlxl^7ll(S2-4)Sl ^^>^<y ALD ^> 
ol-i-SA-1 oil- ^o:|iE I5l ol^V ti>^^o.^>!^ o]^<>\^^. 
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:£ 2^ ^^^^^^^^ «i-n^^2}.^^l^ ^^^}c^ l-S.-f:^>H^ 
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11. 11' ... 
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22, 22' ... :427}^^'^^ 



23 ... :^]37}^^9l 
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^ ^}^^ ^-^S-Ai, >^Ail*>7ll^ TEMAH 

(Tetra Ethyl Methyl Amino Hafnium) ^ TMDSO((Tetra Methyl Di Siloxane)M- HMDSCHexa 

Methyl Di Silane)^ H2O M- Os^- '^s^^]^ ^]-%-^}<^ 7]^^^^] HfSixOy Hf02 

^ll^^l'^l^. ^-llol5sl^g^(i5)ol el.d|E^l-e^(12)4; ^7] e) ^E-j^g^ (12)^ S 

01 ^^o] o^^^^}7]] ^^]s\s.^ t}^ ^e]^(13)^; ^^7] ^e]^(i3)^ ^>^<H1 ^^l^l 

29-6 



1020020070054 ^^ 'U^}: 2003/11/8 

^ ^ o.^^^ ^o^S]^ 7l^(w)^ ^^^S. ^^m^ ^]l^AV*(14a) 

4, -^^^51^ ^I2ti]:^7>>il- ^^7] 7l^(w)^ ^J-^S. ^^>^>fe 1:^=^^ 42^^\^(Uh)^, -^^^ 
^l3^-§-7>>i» ^7] 7l^(w)^ ^A>§>^ rf^^o^ >^l3^A>*(14c)ol ^^^^ A>^^«|1 

^(14)1- i^*>^ ^^-§-7l(10)» ol^^H -^-71 7l^(w)^Hl ^>H^ -Me^^fl^lHCHfSixOy) ^ 

oil- ^-llolsll-g^dS) 'g-*^! 7l^(w)^ "ib^i-Al^l^ 7l^«?>aj-^;^l(S100)i4, 

HfSixOy ^-g-7>il-^ ^7] 7l^(w) ^A>e>0^ «l-BV^ ^^^*>fe ^^^^^^1- 

^}7ll(S200)# Sf-tti^. <^1«11, ^7] ^1-^^^1-^^1(5200)^, ^7] ^llti]-g-7>ioi 
TEMAH(Hf((C2H5)(CH3)N)4)l- ^7] ^H^-Af^CUa)!-^ ^srVcx^ >^l-7l 7]^M$] ^a>^V^ 
^ll^-§-7>^ 3il^c}7ji(S20-l)sq- /^il3o>-g-7>>i«?l O3 H2O ^ <Hi^ *>M-» ^l3^A>^(i4c)l- 
* #^><^ -^M 7l:&(w)^ ^^S. ^^m^ ^l3«>-§-7l-^ 5£|igcf7j|(S20-3)* MLSL^^S. 

7>^» >a-7l A]:^^^^S1 2.^ «.A>^1.^ ^^c^ ^A>f-0.s.^ ^-g-g-7] ( 10)» yi\^]^]7] 

^ ^11.3o]:-§-7>^ 5Jl^lcf7j](S20-2)(S20-4)l- i^^H '^><^1#^ NS] oV^s^j-o^ o]^ 

<=>]^]^ 1^} ^i-^#^i-^7jl(S20)5f; ^V7i N oV^^^l ^1^<H1 ^j-7l >tll2ti>-§-7]-iol 
TMDS0(0(Si(CH3)2H)2) ^fe HMDS((CH3)3Si)2) ^ <Hi:^ ^7l >^l2^A>#(i4b)*# ^^}c^ 

^7] 7]:Q:(w)^ ^J-^S ^A>^>^ ;^l2«>-g-7>>i 3X)^^7il (821-1)4 ^l3^-g-7]-:±iOl O3 H2O 
^ c>li^ e>u].^ ^l3^AV#(14c)#* ^^}<^ ^7] 7]%ivi)^ ^^S. ^A>3r>^ ^l3^-S-7Vi 4^ 

^^l(S21-3)# J51J:^^S n^^*>^ ^^14. ^7l ;?ll2a]:-g-7>r^i 4^^^1(521-1)4 ^l3^-§-7>^ 
4^^^1(521-3) A>olo)l l:#A^7>il- ^71 A>^:i^=oi «.A>^s-^ :|.^|.c^ ^a>^o.s>>^ 

^1-7] ti}-§-g-7l(10)l- 3Jl^lAl7l^ ;Hl2,3a>-§-7l->i 2Jl4ci.;^i(S21-2)(521-4)» i^^l-o^ o]=-ol^l 
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^ 4^1 Ms\ ti>4^>^ 2^} ^^i-#^^7fl(S21);l- i^^M ^^^91 ^;^1(S20 

+ 821)1- is\ oj^v oi-^^l-Jl, -^^-71 ^ll,2,3^^>*(14a)(14b)(14d) ^ o]2=^ ^j-q.^ 

5l€-#(14d)#^ t-l i^*!-'^, ^>7l «|^i-^2l-c;b^l(S200)^ ^1-71 7>^7S€-*(14d)l-# -f-t!: 1: 
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^^B.as')^ ^}^^] ^^151^ ^^^^i. -B-'as]^ ^li^-g-7V>il- ^oM 7l^(w)^ ^^^s. ^ 
>^lll^^>*(14a')4, -B-^S]^ ;^i2«]:-g-7>^l- >^7l 7]^M9] ^a>^>^ 
cf^^ ^l2^A>^(14b')Jzf, -R-^ys]^ 1:*^^7]-^1- ^7l 7l^(w)^ ia^^^Ce^oJjE^^B^o^ 

^^m^ cf^^ 7l->i7Hs.^(14d')<^l ^^^^ ^>^^«^1 = (14');1- i^^m ^-§-^7] 
(10- )♦ o]j%.t}<^ ^7] 7m(w)>S-<Hl s^>H^ ^>^>ol = (Hf02) ^Vcf. o]^ 

^, ^7l ?flol3^^S^(l5') 7l^(w)^ 7l:^^3h^7il(Sl)Sf, Hf02 ^^^^l"* 

^V-S-71-iS^: ^j-71 7l^(w) ^oHl ^A>^}o^ wvo^^ ^1-^^^1-^7^1(82)1- i^tbcf 

. ^7] ^>^#^^;^1(S2)^, >a-7l 7>i7S€-#(i4d')## -i-^><>i ^7] 7l^(w) iq^^^ 

S ^«-^^7l-^» ^A>*>^ ^7l ;Hll«]:-S-7>^oi TEMAHdetra Ethyl Methyl Amino 

Hafnium : Hf ((C2H5)(CH3)N)4)» ^7] ^^^l^iUa')^^ ^^}<^ ^7] 7]^M2] ^ 
^>^>^ ^ll^V-g-71-i ^^^^](S2-1)^ ^7] ^]2^J:^7}^o] 03 H2O ^ *>M-1- ^7] 

^]2^^\^iUh' ^^}<^ ^7] 7m(w)Sl ^^S. ^A>^>^ >fl2«>^7>>i 5q^^;^](S2-3)» 
4^^s:>^ ^Tfli^; ^7] ^^^7ll(S2-l)sf ;Hl2ol:-S-7>:di ^xj^cj- 7)1(32-3) 

(10' )♦ ^7(\X\^]^ ^,2^-%-:^}^ 2E);^lc].;^](S2-2)(S2-4);« 5L^*H ALD ^}o]m 

^ ^o]S. ls\ o]^ tiV^^H, ^7] ^ll,2^Al-^(14a')(14b') ^ 0]}=, ^j-^^ «|]r^ a]-g-7>il- 
^A}^ nfl cf^ ^A>^s.^ l:«:'^^7l->i# &A>^>^ ^^i^S tbcf. 
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<22> £ 1^ ^ ^^o\] re)-^ e>^^ 0]-%-^ ;«]ll-^Al<mi- ^«j^>^ 

<23> ^>^^(Hf) ^^1-^ ol-g-tV HVn^^^j-Hj-i^o^ ;*lll^Al<^l^ 7l:Q:>a-^l s:>S-^ ^Bl?llolB( 

ol^>, HfSixOy ^i-^^^le^- ^-^^H, <^1» ^^^1-71 «Vn|.^3}-^^l^ 

£ 1<^1 7]^M<^] n^^S]^ ^-§--§-71(10)51-, ^7}7] o]^o] al--§.7l->i 

» ^/:£^ 1-«:^^7>:^1- «}-§-§-7l(10)S ^^*>7l ^tl- 7>>l^^^(20)S!l-, ^-§-§-71 7> 
til]7]Al7l7l «H7l^>^l(30)Sq-, «>^-g-7l(10)S. 7l:^(w)# ^^^>71M- #)#s:>7l ^ 

ol=f^S.l-(40)^ 3L^t!:i=1-. 
<24> ^-§--§-71(10)^ ^fl<^l3Jll-e^(15)ol xfl:^£l^ ej^E^^e^(12)ul)-, e) ^ E-]!- 1^ (12 ) ^ 

^g-^oi <^^;^s^>7ll ^5l:^(l3)sq-, ^e)^(l3)^ *>-^<^l ^^Isl^H ^-§-7> 

^ll^^V*(14a)3f, ^l2^>-§-7>>i» 7l^(w)^ ^^m^ ^l2^AVl.(i4b) 

4, ;^l3aV-g-7}>i» 7]^M9] ^^S. ^^}t}^ cf^^ ^l3^AV*(14c)<^l ^^^^<H Si 

^. Cl i4cV7> A]:^^^]^(l4)o]l^ -^<i^Slfe l-*>^^7>>il- 7l^(w)^ ^Ji\^■ 
^A>§>^ 7>:^i7H€-*(14d)ol ^^^s)<H ^4. ^7lAi, ;Hll.2,3^A>^(14a)(14b)(14c) 
7>>i7l^*(14d)^ A>^:|5)1^(14) tfl-^o)lA^ uj-u).^] ^^cf. SE. ^^fl 1 , 2 , 3^A>^ 

(14a) (14b) (14c) 2^-^^ ^^^tt '^l^i^ ^^^^cf. 2Etb. 7l-:i7l^l-(14d)£ ^^^tb ^ 

<^1^'^ ^^^^14. 7>^?1€-*(14d)#SYBl ^Al-S]^ «-*^^7>^^ 7>i?1-E-^ 
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MVnl-ol ti>-g-g-7l ifl^^ S.^<>\] ^^^^ 2^^5l-^>Jl. rq-S^-^i ^^-§-71(10)^ €-51^^71 

<26> ^-lloisill-e^ds)^ «^-B]-ol ^^vsl^ 7lJ@:(w)ol ^-^S^i , 7m(w)^ <a2ls] ^ 

<27> 7].>.^^a.(20)o]lA-1 ^7]^o] ^]inV^7}d:i^ ^"i-^lfe ^1 17l-ie}^(21)^ ^ll^^># 

(14a)2j- ^^slJl, ;^l2«]r-g-7>i# ^^^>^ ^I27>>ie1-<y (22)^ m^^l^iUh)^ , ^1 

l:*^^7>^e1-ol(24)^ 7l->i7S€-*(14d)4 ^4^4. 7l->i^^-^(20)<^m MFC, 7Vi^# 
7fls)l«fly.:^ol A^^lslol ti]-0-7]-iq- l:%>y7>>il- -8-^;^l^t!r ^ ^^>^ 7}d^^9l^ ^t}c^ tiV 
^-§-71(10)3. ^-^tlrcl- 

<28> tii.o.^7l(iO)sq- 01^2.^(40)^ «5'i:a(ii)<^l ^*><^ 'S^^^. ^;^1t!- 

^^<a-^ ol^S.l-(40)^ 7l^(w)^ :^srH ^-§--§-71(10)^ <=>]^M^^^. 

<29> cf^, ^V7l^ wVn^^^V^V^ll- ol^§].c^ 7l^^Hl HfSixOy ^^^1"* #^^*>^ 

<30> t}^^ ^^1-^ 7l4a:>a-o11 HfSixOy ^^«^>7l ^*>o^, o] 5)1- (15) ^ 

7l^(w)* ^^1-^1 7] 7]:^oi.3}-^^l(Si00)Sf, HfSixOy ^-§-7]-i-i:# 71:^ 

(w) ^ofl ^A>^l-c^ «vn^^ f^^i-^V^ M]-^^^^^1(S200)«- ^^^cf. 
<3i> 7l4a:oVaj-^;^l(S100)^ )ol ol^2.:i-(40)o11 a-^ 7l^# #|#*><^ ^-§--§-71 



29-11 



1020020070054 #^ "^^1-: 2003/11/8 

«i-n|^aj-c]-;^](S200)^, ;^llti}-§-7l-^^^ TEMAHCTetra Ethyl Methyl Amino Hafnium : 
Hf((C2H5)(CH3)N)4)^ '=>l^^>i, ^l2ti}-§-7>i^^ ^Sl^ ^S-S. TMDSOCTetra Methyl Di 
Siloxane : 0(Si (CH3)2H)2) HMDS(Hexa Methyl Di Si lane : ((CH3)3Si )2)# *>M-» 

-§-^M, ^l3a]:-§-7>>iS. O3 ^fe H2O ^ o]^ ^]1.2^^-%-7}^^^ 

<5fl^v^^7l- z]-z]- ^-g-^ ^^-g-7l(canister)<^l l:«->^^7}>i» ^^^}<^ w^I-^aI^o.^ 

(S20-2) ^ ;^l3«]:#7>>i 5i)t^c}.;^1(S20-3) ^ ^l3^-§-7V::^i s];^! cJt^] (S20-4)l- o]^^ ^>ol#^ 
N s\ ^^m^ l^V ^^^^^^^^1(S20)^, 1^> ^^^^^1-^:^1(820) ;^]2ti]-§-7>rfi ^xj^^T^l 

(S21-1) ^ ^l2o]:-§-7]-^ 3Jj;^l^;qi(S21-2) ^ ^l3«]:-g-7>>i 3lig^;^l(S21-3) -^/Hl3«}:-g-7>>i 3E|^1 
^711(321-4)1- o]^^ M si ^*3*>^ 2^1- ^>el-^^i-^^l(S21)^ i^^V^ ^^^^ ^ 

Till- ^o]^. 15] ol^i- ^^^o.^>«) o]^o^^T^^ 

1:^> MVn^^al-c]-;^!^ ^llw>-§-7]-^ (S20-l)^ , l:%A^7>>iSq- ^^^g ;^i 1^0.7^^ 

(TEMAH)S ^-§-^71(10) tflS sl^^>o^ ^ll^A>*(14a)#^ ^*><^ 7l:&(w) ^-^S. ^a>^>^ 
^?11<^14. 

1^> «l-B]-^3}-c]-7ll^ ^]lti>0-7>^ 2l^lcf7]l(S20-2)^. ^11^^71-^5] 511 ^^^I^IJI ^ 

^-§-71(10) ifl^<^l olul -^<y^ ^ 7l4a:(w)oll i4ti1>^l ^ii«].^7-|.^^ 

^^l<^li=f. ^llti]:^7>^ 3il^lr4.;^l(S20-2)^ l:#A^7>>i» S.^ ^^}^^^ ^^}<^ M>-§-8-7l (10) 

vflS. Sl^A]^ O.^A] ^SjSlJL, Sl^l^ ^liti].o.7|.^^ «ll7l^J-^l(30)« 7]^ ^l^S- Wfl7l^cf. 

1:^1- ^l3^V^7>:i 5ili3c]-^l(S20-3)fe, ^l3«]:-§-7]->.l- wV-§-g-7l (10) ^S. 

^1 3^^1-1. ( 14c )!:# -i-«->o^ 7l:^(w) ^^S. ^a>^>^ ^^1<^14. 
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<37> i^V ^vuv^^,^^]^ ^I3«}:^7>i 5Jl;^l^^l(S20-4)^. l:%^^7>>il- 3.^ ^^}^^^ ^ 

^^-§-^71(10) ^S. 3l]^Al^O.^M| ^^^Cf. ;^l3ti]-g-7l-i 3J1 ^1^711 (320-4)1- 

<38> o]9]. ^ol, ^B]-^^^;^1(S20)^, ^lia}:-§-7l->i 3z]Tg,5sl^lc}-;^l(S20-l)(S20-2), ^ISw]- 

-§-7>:ii 5tl^,3i1;^lc3.7)|(S20-3)(S20-4)^ ALD >^>ol#^ N s\ ^^^^S.^ 7l^(w)^i- 

<39> 1:^1- Hl-n^^4}-c3.;^l(S20) 2^> (S21)# ^l2«>-§-7>>i jqi^cl-;^] 

(S21-l)^, ^l2«]:-g-7>i# o]:-g-^7l(10) tfls. ^q^^Vc^ ^l2^A>^(14b)l:^ #srH 

<40> 2^} ^^^^^n^ >Hl2«]:-§-7]-^ 5i];^l^;^](S21-2)fe, ^l2^-§-7>^s] ^Itg^ ^;^1*>31 
-§--§-71(10) ^fl^<Hl oj^il ^ 7l4a:(w)oll ^^5)^1 ^i^^l ^I2«l:-g-7>>i» 3i]xlAl7l^ 

^TjjolT:].. ^l2a]--g-7>>. 3Jl^l^7?l(S21-2)^ l:*-^^7>.^i» ^12^^1-^(145)1-^ ^t}c^ ^-§-g-7l 

(10) vflS Sl^Al^O.SA-1 ^«3SlJl, 3ll>cl^ ;^12^^7>>1^ «fl 71^1-^1 (30)* 7]^ ^1^^ WII7I 

<4i> 2^y ;Hl3«]:-§-7]->i 5z]t3c].;^1(S21-3)^, ^l3«]:-§-7V^* ;^l3^Al.*(14c)*^ 

■^^V'^ ^-§--§-71(10) Bji^Al^ o.^Ml ^*J£|JL, ;^l3«]:-§-7]-^ 3^] ^1^711(821-4)^, 

71-^1- S.^ ^A>.&1-^ ^^.C^ ^-§--§-71(10) vflS. ^lli^Al^ O.S>>*| ^^^Cf. 

<42> olfil- ^o] 2^> ^^^^^i-^;^l(S21)^, ;*112«>^7>^ 3ilt^,3Jl;^lc3-;^l(S21-l)(S21-2), ^^113^ 

-§-7>>i slT^,sl>;lci.;^ll(S21-3)(S21-4)^ <^1^<H^1^ ^l-«^l#^ M s\ aV^f-o.^.^ 1:^1- MVnl-^oil 

2^1- ^^i-oi ^A^£i:£^ ^1-^ 
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<43> o]^ 7^^^] ^r^^^, Hf02 OL ^o\] Si02 ^^^V^^ M ^ ^ 

^^■JL, ^>7l 4^^(M + N)# 1S| oj^^V tiV^sr}^ 

<44> l^V ^^#^^^1(820)^ 2^> ^^^2h^;^l(S21)^ ol^o^^lc^, 

^ ^^]^ "^^^ ^^^^M ^^^91 ^^i((S2o) + (S21))* 1 

^ o]^^ ^ 1^> ^^^^^^^7^](S20) o]^oil 2^} ^^^^^^KS2im 

<45> oinfl, A>^:)5iiso^ 7>>i7^€-#(i4ci)l-# -^^H l:«-^^7>>i# 7]^Mo\ sq^^o.^ ^A> 

71 Vfl^tfl ^igofl ^aV5)^ 5|:i5|-^>Jl tCl-el-Ai tiV-g-g-y] ( 10) #5^^ ^7l» ^ 

<46> ^ ^Ajo^loflA^, ^Il7>:fi5^-^(21)2)- ;Hl27>.i5l-^(22)^ ^^^^S. ;^ll^A>^ 

(143)34 ^l2^A>^(i4b) *>J1 ^cf. zie^M-, ;Hll^A>*2}. ;^12^A]-^^ 

^ll.27>:d^.Hl-^^ ^AHi <^^^ ^ o;t4. ^. ^>^7>^^^^ollAi ^7l^ ;H11.2 
7>>i5l-^ol -^<a^ ^A>^S "S^il^ ^-f <H1S o]^]7p}^] ^T^^ ALD ^7111- 

^ °1 ^-f <a 4 7fl2l ^Af^(i4a)(14b)(14c)^ ^1-§-^m ^^^^ ^^-^S 

^ #'>l7l ^*>c:>^ 3ll>^lEl-<a^ #^^1 C-1 ^0]o^ tb^. 

<47> ;^ll,2,3^A>-&(14a)(14b)(14c) ^ ^-§-7>>.l- ^a]-^ nfl 

^^V*!:^ l-%^^7>>ll- ^A>^0.^>i*) 7l-^e)-Ol 0.^0] HVn^-^^lo] ^^A^ 
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<48> a, ^1-71 1!: ^nm: 7l^(w) tfloflA^ ^^l^i^ ^;^^^V '^^ ^ 91^ 

^, 2i^^<=>] ^^^^^H<^> ^11^^^ ^ XI 

<49> ^ ^^^>^ ^ll^-§-7>>i(Hf -*^l2«]:-g-7]-i(Si 

^ 2:^^til^lc>|, ^ «1-Bl-i4]o^ Hf ^ Si 0 all- s;^s:>^t:.1] ^o. o^sl-g-ol oj^ 

Ji, c-l y^o}7} ^]]^>§o|l e ^>^17> SI^^ ^^^V^cf. ^, ole^lt!: ALD «c}-^ o.^^ wV-g. 
-§-7] ^S. ^£ S^-^'Hl Hf : Si : 0 ^^a] y^]^7} EflAl^) ^;goil tD|.e)-Al 

^ ^S. I^7l7> xifl^ <H^^ ^ol4. o] 

s^tl- 3^711 ALD rtl-sig Si ^^^11- ^s^^c-fl t!:^l7> ^^.^i^^ . ^<^}7} c^si^J-^ 

o^^^^S. t4| Si^^o] -a^^^Ho) ^;(,]^ Heljl aVDl-ol 

Uniformity ^^1. 71:^1^6)1^-^ -91^1 ^^tb ^^^■^<='fl 7l^^o.^ 2 €^1 ALD 

<50> ^y]^ ^^]^-^ 7]\^^}J17^, ^]^77}^] ^d^^ V}Si\- ^o] , (S20-1) 

^ ^ll^-§-7>>i 3il;<lc]-;^](S20-2) ^ /5fl3«>-§-7>>i 3il^^;^l(S20-3) ^l3^-§-7>>i 3Sl:^l^;^l 
(S20-4)# 0]=-^ ^>ol#^ N 5| ^«5^>^ 1^> MVn^f^zi-ci-^](S20)5!l-, l^V «]-^^^i-^^1(S20) 
ol:f ;^l2^^7>:i sl^^7jl(S21-l) -* ;^l2^-g-7>>i ssl^^j ci.^i(S21-2) ;^l3i^>-S-7>^ ^^^^^1 
(S21-3) ^^l3^-g-7]->i 3il^l^^l(S21-4)« o]^^ ^fol^o. J, ^ ^sj^>^ 27i} ^^^^■^:^] 
(S21)* i^*>^ ^^^'y ^Tfll- ^ol:£ IS) o]^ ^^^o.^Ml oj^ol^l^ tiVp^^^aj-i^ o. 
I^oVuHtII ^ ^<^lcf. o]^ ^^}c^ eflAljqi- nfl Hf : Si : 0 ^^w] ;5iloi7V 7]-^ 
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<5i> <^7]^^. ^ll«]:-§-7>^<^I Hf((C2H5)(CH3)N)4 14. ;^l2«>-g-7>>itl 0(Si(CH3)2H)2 M- ((CH3)3 

Si)2 ^ JlB^§>o^ ^flo]5£] 1-5^(15) ^1-^ 7]%M^ 801C ^l^i 600 °C 

A}o]o^ <yo^o^ ^rf. ^ ^Ai<^io)iA^ 7]^M^ ^s.^ 200X: s. *}^^-. 

<52> 5E. m,2^-^7}^$^ ^^^i^ JLS^S:>C^ 1 2H]:-§-7l-i» ^-§--§-713. «>l^e>^ ^]17} 

^2l-"il(21)^ 200 "C -B-:^lSl^ ^o] aj-^^j^j-cf. ZLejjl c] u|-o]-7> ;*ll3ti>-g-7>r±: 

^ O3 M- H2O » <^1^*>^ :^l37>:±te|-^(23)Sl 200 t: <^MS. -^^Itb^. ^ ^Alc^j^flA-l 

7}^^B^9l^ 100 "CS. ^>^1^. 

<53> ^l-B1-^^^^;^l(S200)«^l ^-§--§-71(10) vfls] ^^^<a-^^ 0.1 Torr 10 Torr 

<54> I1B:151, ^ll,2«}-§-7>^Sl «^^-^S.7} Z^-Z^-Sl :g^^7lSl ^5.^ 18°C ~ 150 °C 

<56> £ 3^ ^ ^^<^1 t}^^ <=>]^^ ^12^A1<^11- ^SJ^]-^ 

71^^011 t}^^ ^A\o]B.(o]t}, Hf02 ^^^lel- ^)» #^^>7l ^-^.SA-l. ol» ^^^>7l 

o^^ Hl.nV^aj.;g-^l^ 30]] ^M^^], 7]%W^] ^^5]^ ^ ^^-g-7] 

(lO')fil-, ^7H ol^o^ ti}-§-7>i ^/a^ l-l->^^7>:ii» a}:-§-g-7l(10')S ^#*>7l ^ 

tb 7>^^#^(20')sq-. «]-g-g-7l vflS] 7>>i## tifl7lAl5'l7l ^t!- Wfl7l^^l(30')SJf. «]:-§-g-7l 
(10')^ 7]^(vi)^ ^^^■7]^^ ^#*>7l ^t!: ol^i-i-(40')* JiL^ti:i=f. 
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<57> a>o.^7](10')^ ^-llolsllr^dS')*^! vfl^sl^ e]<^Eil-e^(12')5z)-. el "^eil-^ (12 ' )^ S 

(14d')#ol z^-z^sl ^ll,2^A]-^(14a')(14b')5il- 7l->i5^^#(14d')^ ^>^^«^1^ 

(14') ^^<^]^^ ^^S. 'SrM-^l U^^, 'a^^tl: <=>]^^ 

<59> ^-11 o] 311- (15')^ ^ll^Al<:^l<HlA^ A}^^ ^2). ^<a^l-Jl, 7>>i^^-^(20')<^lAi ^7]^ 

;«lll7l-^5foi(2r)5i|- ^l27>>iBl-ol(22')^ z]-z]- ;^ll^A>^(i4a* ;^l2^A>^(i4b' )<^1 ^^Sli^^, 
^%^^7}^^9im')^ 7l->i7^€-*(14d')#32l- 7]-^^#-^(20')<^l^ ^ll^^l<^l<^l^i^ 

p>^>7l-^l^ MFC, 7}^3LW 7l]3^1«la.-§-ol ^^is^ol «]:^7>>ii4 l-*^^7]->il- -R-^;^lol^V ^ ^ 
7>iBl-^^ -i-^M ^-§--§-71(10' )s. ^ ne^Ji, ^-§-g-7l(io')5q- o]^3.^ 

(40')^ ^ll^Al<^loflA^5q- :^ol ti]5«fltL(ll')o11 o^^H 'd^^^-. 
<60> tq.^, ^7ltt ol-g-^V'^ 71^^011 Hf02 ^^t}^ 

<61> srl-H^ 51-^1-* <^l-§-^H 7l:a:^c^l Hf02 ^^^^^1-71 ^ , ^-11^13111:^(15') ^ 

^1 7m(w)* ^^1-^1^1^ 71:^<?>2V^;^1(S1)5J|-, Hf02 ^-§-7>il-^ 7l:&(w) ^ 

'HI ^^}t}c^ ^-^^ ^S!-^>^ ^i-^#^^;^l(S2)l- i^t!:i=l-. 
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<62> 7l:&<y:a}-^;^l(Sl)^ ^^^^(oliA) )oi 01^2.^(40)0)] 7]^^. ^#^H ^-§-§-7] (10' ) 

<63> MVnl-^^cf7fl(S2)^. 7l->^i^€-*(14d')** 1:#^^7V^7> 7]^M 9]^^0_s. ^ 

^91^] ol^^^cf. ^lia]:-§-7]->i^ TEMAHCTetra Ethyl Methyl Amino Hafnium : 
Hf((C2H5)(CH3)N)4)» ol-g-^>Jl, ^]2^-%-7}^S. O3 H2O ^ *>M-» -Jd^^V'^ 

<^l-§-t!:^. <^7lAi, ^iiti]--g-7>i^ <3fl>a-^^7> ^-g-^ €S.-g-7l (canister l:%^^7>>i» 

<64> ^^^^ ^^o)l ^:£^7H 7l^(w)ol ^^^] c^]<^^ ^, (S2)^ ^3 

^^11 ^^IS-^i, l-*>^^7>>isq- ;*lll«}-g-7>>i(TEMAH)» «}-S-§-7l(iO' ) ifls. sq^^H >ill 

^A>4(i4a')i-^ -^^><^ 7i^(w) ^A>^>^ ;^ii^-g-7>>i ^^^ms2-im 

(IC) ol^l 0.0^^ ^ 7l:&(w)<i ^11^-g-7>:^l- s1;^l(purge)Al7l 

^ ^ll^-§-7>i^i 3^^m;^l(S2-2)-i- ^«St!:i=1-. >5fliwv^7>^ 3J]^l^;^l(S2-2)^ -i:l-^^7>>i* 
^^V^l-i: -^^H ^-§-§-71(10') vfl^ jq^Al^o.^.^ 31^1^ ^]lti].o.7|.^^ yfl7| 

^^^1(30')* 7]^ «B7l^Cf. 
<66> Cf^, ^>^f^^^;^1(S2)S] 4 ^^IS^i, ^]2nV-§-7}^^ ^-§--§-71(10') ^S. 5El^*> 

<^ ^l2^A>^(14b')l-^ ^t}c^ 7]^M^o_^ :^]2^-%-7}^^ ^^}^\^ ^]2^^7}^i ^^^A] 

(S2-3)# ^^^cf. ^l2ti>-§-7>i 2l^^:^l(S2-3)oflAi, ;5ll2ti]:-§-7]-i^ ^-§-^V«^ 

7l:&(w) -a-'Hl Hf02 ^^SlJl, «Vnl.-.2j.o]l A}^^^] 7}^Si]- «.a>^ y}.^ 
7> «>-§-§- 71 (10' )<^1 ^^1]«^>711 
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^l2a}-§-7l->i 5^1 ^7^1 (82-4)1- ^l2ti}-§-7l->i 3i] ^1 c}-;^l(S2-4)^ l:«:^d7>>::# S. 

^^>*»# -i-^H ^^-§-71(10') iflS. sqi^Al^ o.s>«j ^^^Cf. ;^l2«l:-§-7>>i s^^l^^Nl 
(S2-4)* ^^}o^ «v^v^3|-oll A>-g-£];^] ;Hl2«]:-§-7>^sq- S|-^^-g- -^-J:}-* 7>>i^ ^-§--§-71 

(lO')S^E-l afl7l^c]-. 

<68> >^V7lt!: ^ll^-S-7>>i 3q^^;^l(S2-l), ;*lll«V-§-7>^i 3^1^1^:^1(52-2), ^l2«V-§-7>>i s^igc} 
^1(S2-3), :42^^7}^ 3E|^lc3.;^l(S2-4)^ ^^H^l ALD -^^^l^S-^i o]^ ^o]s, m o]^ uVM. 
^^S.^ ^^1^ "^^^ <=>M, ^7]^ ^ 3Jl^l7> ^^£l^ ^91'^], 7} 

K^^] ^^^^ ^db^^^S.>>*|, «}-^-g-7l (10)31 ^sl^^^7ll- cl ^ $inl-. SEtb. 

^ll,2^A>^(14a')(14b') # s:>i4^ ^o.^].^^ w.A>^ tt|] cf^ ^A>41-S. 

<69> <^7lA^, ;Hllti>-§-7>^<?l Hf((C2H5)(CH3)N)4^ ^«ll^-£ ^ ^^S. 5J|^lEl-<a^^ Jl^ 

^-ll^^lsll-^dS') -^i-Bi 7i:^(w)si 80 1: <^Mi 600 t: ^V'^l^ -B- 

^1^£^ tl-cl-. ^ ^aH1<H1a-1 7l:^(w)Sl 200*CS. *>^ti)-. 

<70> a, ;^lli^V-g-7>^^ jiBl^H ^Il7>^ie)-^(21')S1 ^lE^ 200 1C o^S. 

sl^ ^o] H>^3j^>cl-. ^elji cl i4ci>7> O3 M- H2O S <5l^i&>^ ^I27>>he|-<?1(22')^ 
200 °C ^ls>^ -R-^ltlrCl-. ^ ^^HHMi ^ll7>>ie|-^(2r)sl ^s.^ 100 "CS. *>5icl-. 
<7i> ^'^^^^mS2)c^] 0x0] a}-g-g-7l(lO') tflo^ ^^oj-^ 0.1 Torr 10 Torr 

^<H1 9X^^ tlrcl-. ^ ^AHloflA-l 1 TorrS. t}^tJ^ 
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<72> ^ie^ZL, ^llo]:-§-7>^^ ^-g-^ ^S.-%-7]^ -BrS.^ 0°C ~ 150 °C tfl<^l 

<73> >^V7li4 ALD '^'^ll-^ wV^^^S^H 7l:^(w)^H1 ^^5)^ Hf02 ^^^^ :£ 4^11 

<74> cf^, ^V7lsq- ^^M^Hl^i ^1^<=H^1^ 2|-t)-ti>-§-^ t^l^q^^ ^^tbi^f. 

<75> o|.5]]o^ yV-g-A^ (1-1) ^ (1-2)^ Hf02 "^^^^^ ^tb ^l2«V-g-7>iS O3 # ^>-g-^>^ ^ 

<76> Hf((C2H5)(CH3)N)4 + 2O3 ^ Hf((C2H 5)(CH3)N)4-x + xCCsHgN) + 2O3 ... ^-g-^ (1-1)' 
<77> Hf((C2H5)(CH3)N)4-x + xCCsHsN) + 20 3 -» Hf02(s) + 4(C3H8N0)(g) ... ^-§-^ (1-2) 

<78> o]9\- ^o], r\.M. ;^11,27>>^51-'?1(21')(22')^ ^^}<^ m'^'^A^^l 

Hf((C2H5)(CH3)N)4Sq- ^]2^^^7}^9l O3 7} ^V-S-g- 71(10)^ -^^t^^lJl, '^l^ ^ll«]:^7V>i^ wV-g- 
^ (l-l)oil 7l7l]^ w><4 Hf((C2H5)(CH3)N)4-X ^ X(C3H8N) ^Bfl(x=l~4)S. 

^*fl€ Hf((C2H5)(CH3)N)4-x ^ ^>-8-^ (1-2)011 71^11^ w>fi1. ^c] 03 sq- «]:-§-*>^A-l , 7]^M3] 
S^^oHl Hf02 ^^^^ #^1-^1 71 JL, MV^ ^a)-oll Al-g-£l^l i4d1;^1 ti]--g-7>>h ^ ^^«l:-§- 

7>>i^ till7l^^l(30')» wll7l^c).. 
<79> o>Hflo^ «>-g.^ (2-1) ^ (2-2)^ ^]2^^7}^S. H20» >^>-8-*>^ ^^^m. 

<80> Hf((C2H5)(CH3)N)4 + H2O ^ Hf((C2H 5)(CH3)N)4-x + x(C3H8N) + 2H2O ... «]:-§-^ (2-1) 

<8i> Hf((C2H5)(CH3)N)4-x + x(C3H8N) + 2H2O ^ Hf02(s) + 4(C3H8N0)(g) ... ^-§-^(2-2) 

<82> zl-71 Cl-€- ^ll,27>>iel-^(21')(22')* ^^<^ ^im-g-7V^^ Hf((C2H5)(CH3)N)45!}- ;^112^ 

-§-7>ioi 71- ti>-§-g-7l(10)^ -B-^^lJl, ol^ ;^iiav-0;7|.^^ aV-§-X| (2-l)oll 71^11^ ti}Sl- 
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^o] Hf((C2H5)(CH3)N)4-x + xCCsHsN) ^Bfl(x=l~4)S ^^^cf. ^n^<^ 7]:^^o\] ^aj- 

€ Hf((C2H5)(CH3)N) 4-X ^ ^^'^(2-l)<^l 7]7^^ wl-fif ^o] H2O ^ ^-§-*>^^i. 7]^(w)^ a 

71- Hfl7l^^l(30')l- ^t}c^ ^-^S afl7]^t:}-. 

^. ^«fl 71^ 7>^ 7]-s^^ ^ w>^3jt!- ^^Hl» 

-^^m *>H^ ^^1-^ <=>]'%-^ ^ si-i- 

<84> ^^^^ ^o] ^ ^T^oii <^l-g-t!: «1-^1-^a^«J-'^<=Hl 4^^, 4i4 

^ ^pl^sj-i- ^ o;[:£S. HfSixOy ^^olM- Hf02 -§-<^1*>7ll ^ 

^1-* ^t^. ^^1. HfSixOy ^-f ^^l^-y S^^ti] ;^lol. MVn^^^lo^ ^^A^ 
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I^^^^J- 1] 

^ll^-|-7>>i-l- ^V7l 7l^(w)^ ^^^^ ^AH>^ cf^^ ;^ll^^>*(14a)54. -H-'a^^ 
>ll2^-§-7>>il- 7l^(w)^ -^1-^^ 1=1-^^ ^l2^A>^(14b)54, ;^13^>^7> 

^7] 7]^M9] ^^S. ^A>^].^ cf^o^ ;^l3^A>*(i4c)ol ^^^^ a>^:| ^1:£(14)^ i^s:> 
^ ^>^-§-7l(10)» 0]-%-^}^ ^7] 7]^(v/)^<^] e>H^ ^Bl?flolH(HfSixOy) ^^^^1-71 

^7l ^lol3Jll-s^(i5) 7]%M^ 7]^9l%^mS100)^, HfSixOy ^^^^ 

a}-^ ^tt «]:^7l-i-i-* ^7] 7]:^M ^6]] ^A>^>o^ wi-^^ ^a}-*>^ ^^^^^^>^^1(S200)» 

^^7] ^^^^^^1-^711(3200)^, 

^7l ;^ll«]-§-7>>i«y TEMAH(Hf((C2H5)(CH3)N)4)» ^7] ;^ll^A>^(i4a)-i-^ ^^c^ ^7] 
7l^(w)^ ^^S. :4l^^7}^ ^'=^^mS20-l)si\■ m^'^y}^^! O3 H2O ^ 

i:. 5^>M-# ^13^A>*(14C)1-^ ^^}<^ ^7] 71 ^(w)^ ^-^S. ^Al-^}^ ;^l3aVo.7].^ ^^^^ 

(S20-3)» MSL^^S. ^«S*>^ ^/^l^q-. >a-7l ;^ll^-§-7>i 3X)^ci.;^l(S20-l)fil- ;^)l3«]:-S-7>^ s\ 
^^/^l(S20-3) A>oloil l-#A^7l-^l- >^7] A>^:)^:co^ «.A>^s-^ :^^].c^ ^a>^o.^>«1 ^ 

7] ^^-§-71(10)1- 31^1 Al7l^ ^ll,3«}:-§-7l-^ 3l^l^;^l(S20-2)(S20-4)» i^*l-c«^ c.]^<>|^l^ 
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^V7l N ^7] m'^'^:^}^9l TMDS0(0(Si(CH3)2H)2) HMDS((CH3)3Si )2 

i 3ili^^;^l(S21-l)5q- ^l3«]:-§-7>i^ O3 SE^ H2O ^ <>1i^ ^l3^^>*(14c)l-^ **><^ 

7l^(w)2] >a-^s ^^Hm ^I3ti>-g-7>>i 5q^^;^l(S2i-3)» ia^^^s ^^1^. 

A>^^€^1^51 JE.S- ^Af^s.^ ^^>o^ ^A>^o.^>i^ ^71 aV-g-§-7l(10)l- ^l2,3«l:-§- 

5J];^lci.;^l(S21-2)(S21-4)l- S.^^}<^ <^1^<H^1^ -i^M^l- ^^*>^ 2^> 
«>D^^ai-c]-^l(S21);l- i^^H ^^^^ ^^1(S20 + S21)l- 1^ o]^ wV^ 

""M, ^7] ;*lll,2,3^A>^(i4a)(14b)(14c) ^ ^l^S. «]-§-7>>;l- ^A>^ ufl 

cf^- ^AV^i-^^ lr«:A^7l->il- ^AV^>^ o.^ ^>H^ ^l-§-^ ^^^^ 

21 

^^Hl-fe cf^o^ 7>>i7S€-#(14d)l:^ i^^H, 

^^^T-^#^7ll(S200)^ ^1-71 7l->i7i^*(14d)** 1:%A^7]-^S1 ^A>^ 

t^^*J- 31 

^ll1^ ^I2«c}-<^1 $i<HAi, >^l-7l ^flol5^^g^(i5)>^ 7l^(w)2l 80 °C ~ 600 'C 
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I^i^^J- 4] 

^]1%1- ;^12%H1 ^^^i, ^^7] ^ll.2,3^-g-7>>il- >^l-7l til--g-g-7](10)^ 7} 

^^91^ 200 1C o]^}^ ^^^<^] 9X^ ^^-^S §1-^ *>^^ ^^l-g-tb ^ 

i^^^^^ 5] 

^111}- ;^12%H1 oic>|A-l, MVn]--3|-^7j](S200)7V ^51*3^^ ^^<^1 

^-§--§-71(10) 1^3] <a-^^ 0.1 ifl^l 10 Torr '^^xfl'^l 9X^ ^^^-^^ 

oj-g-^ MV^.- SVaj-.^ . 

6] 

^11*^ SE^ ^12-%>'>11 ^^^i. ^7] ^]iBVo.yy^o^ €S^7l (canister)^ 18 °C ~ 

150 "C 'S^^'^l 9X^ ^^-^S *>H^ ^^1-^ o]^^ 
I^^iJ- 7] 

^ll*J- £^ ^l2*J-ofl ^<H^i, 

^1-71 ;^U^-S-7>^» ^^>s:>^ ;^ll^^>*(14a):El- ^>7l ^l2tiV-g-7>r^il- ^A>^m ^12^A>^ 
81 

^flol3ill:5^(i5')ol tfl^j-£l^ ^^B\^^(12')3^] ^7] 5^^E-]l-e^(12')-i- 

-^"^51^ ^ll^-S-7}->i# >a-7l 7l^(w)^ ^^S. ^^>§>^ cf^Sl ^H^A>^(i4a')5i)-. 
;^l2«]:-g-7l-:i# >^7l 7l^(w)^ ^-^S ^^>^m >)l2^A>^(14b')4, 1: 
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(14d')ol ^^^^ A>^4^]c(i4');l- i^sr>^ o.^7l(10' )1- oj^BrH 7l^(w)^Hl 

^lol^ll-B^ds') >^oii 7m(w)# ^^M^l^ 7l^t]:^i-^^l(Sl)5^. Hf02 "^^^^ 
4: ^-§-7>i-i-^ -^1-71 7]^W ^o\] ^A>^>0^ MVn^^ ^^^>^ (S2)» 

^7] ^^^^^mS2)^. ^7] 7>:i^S.^(14d')»^ ^7] 7l^(w) S^^^O.^ 

4>7l ;5)lltil:-§-7>>i<?l TEMAHCTetra Ethyl Methyl Amino Hafnium : Hf ((C2H5)(CH3)N)4)» 
^1-71 ;^ll^AV^(i4a')lr^ -f-^l-^^ ^1-71 7]^M^ ^^S. ^^l-^V^ ;^llti}:-g-7>i ^^^^ 
(S2-l)5q- >3-7l ;^l2«l:^7>>i<y O3 H2O # ^>M-» ^7] >ll2^A>^(14b' #*>«^ 
^1-71 7l:^(w)2] ^A>^m ^l2«]:-g-7l->i 5r)^^;^l(S2-3)# iILJ:^-2.S ^^*V^ ^^15^-; 

^1-71 ^lltil:-§-7l->i 2)^^^1(82-1)^1- ;^l2til:-g-7l-i 5qxacf^](S2-3) AVojofl 1:%a^7>>;^€- ^>7l a> 
^^^1^21 JE.€- ^^1-^1-* ^A>^-9.S^ >S-7l H]:-g-g-7l(10')l- m,2^'%-7} 

^ 2l^l^^l(S2-2)(S2-4);l- i^Br>c^ oj^o^xl^ ALD 'i^H^* 1^ ^^^Vi^ . 

^I^fl, ^1-71 ;^11.2^A>^(i4a')(14b') ^ ^>M-^ efl^ ^-§-7>il- «11 

91 

^]8^M Sl^^i. ^7] ^lols^-^g^ds')^ 7l^(w)^ 80 r ~ 600 r ^^^<H1 
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101 

^18%H1 $X'^^^, ;Hllti}-§-7>^ ^ ;^l2U]--g-7>^l- >^T-7l ^V-g-g-7l(lO)S ^1^s>^ 71- 

11] 

^18%H1 M]-nl-^3|-^;^l(S2)7> :5l^5l^ ^^1'^] ^7] ^-§-g-7l(10) vfl^^ ^ 

^ 0.1 10 Torr ^^ifl^il ^^-^S *>H^ S)-^!"^ ol^^V ^^"^ 

[^^^J- 12] 

^18*J-«^1 9X'=>]^^, ^j-7l ^ll^-§-7]-iS] ^S^7l (canister)^ 18 ~ 150 r ^ 
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